The case for the bulbospinal respiratory nitric oxide synthase-immunoreactive pathway in the dog.
Previous investigations from our laboratory have documented that the neuropil of the phrenic nucleus contains a dense accumulation of punctate nicotinamide adenine dinucleotide phosphate diaphorase staining. In this study we investigated the occurrence and origin of punctate nitric oxide synthase immunoreactivity in the neuropil of the phrenic nucleus in C3-C5 segments, supposed to be the terminal field of the premotor bulbospinal respiratory nitric oxide synthase-immunoreactive pathway in the dog. As the first step, nitric oxide synthase immunohistochemistry was used to characterize nitric oxide synthase-immunoreactive staining of the phrenic nucleus and nitric oxide synthase-containing neurons in the dorsal and rostral ventral respiratory group and in the Bötzinger complex of the medulla. Dense punctate nitric oxide synthase immunoreactivity was found on control sections in the neuropil of the phrenic nucleus. Several thin bundles of nitric oxide synthase-immunoreactive fibers were found to enter the phrenic nucleus from the lateral and ventral column. Nitric oxide synthase-containing neurons were revealed in the dorsal respiratory group of medulla corresponding to the ventrolateral nucleus of the solitary tract and in the rostral ventral respiratory group beginning approximately 1 mm caudal to the obex and reaching to 650 microm rostral to the obex. Axotomy-induced retrograde changes, consisting in a strong upregulation of nitric oxide synthase-containing neurons, were found in the dorsal and rostral ventral respiratory group contralateral to the hemisection performed at the C2-C3 level. Concurrently, a strong depletion of the punctate nitric oxide synthase immunopositivity in the neuropil of the phrenic nucleus ipsilaterally with the hemisection was detected, thus revealing that a crossed premotor bulbospinal respiratory pathway contains a fairly high number of nitric oxide synthase-immunopositive fibers terminating in the phrenic nucleus. The use of the retrograde fluorescent tracer Fluorogold injected into the phrenic nucleus and an analysis of sections cut through the dorsal and rostral ventral respiratory group and Bötzinger complex of medulla and processed for nitric oxide synthase immunocytochemistry revealed that approximately 73.8% of crossed premotor bulbospinal respiratory nitric oxide synthase-immunoreactive axons originate in the rostral ventral respiratory group and 26.2% is given by nitric oxide synthase-containing neurons of the dorsal respiratory group. A few premotor nitric oxide synthase-immunoreactive axons originating from the Bötzinger complex were found. In summary, the present study provides evidence for a hitherto unknown premotor bulbospinal respiratory nitric oxide synthase-immunoreactive pathway connecting the bulbar respiratory centers with the motor neurons of the phrenic nucleus in the dog.